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Research on Haze and Fog Distinguishing Algorithm Based on
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Abstract: The compositions of fog and haze particles are different. The droplets have the characteristics of
large particles, while the composition of haze is complex, and small particles are mostly present. Polarization
observation has very great sensitivity to small particles. Based on this characteristic, the polarized radiation
characteristics of fog and haze particles are calculated using the vector linearized discrete ordinate radiative

transfer(VLIDORT) model. The simulation results can be used to obtain the polarization reflectance of fog
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and haze particles. In the range of scattering angles of 125° to 150°, the polarization reflectance of fog and
haze particles varies significantly with the scattering angle distribution. By taking advantage of the radiation
characteristics of fog and haze particles, fog and haze have been distinguished based on the polarization
and directionality of the earth’s reflectances(POLDER)data on March 11, 2008. The distinguished results
were compared with moderate-resolution imaging spectroradiometer (MODIS) images and ground station
observation data to verify the effectiveness of the algorithm. It is believed that the alogorithm has great
reference value and scientific significance for China’s GF-5 of directional polarimetric camera(DPC) remote

sensing data.

Key words: atmospheric optics; haze particles; vector radiation transmission; distinguishing algorithm
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FMFEAE—E XA mEE LB RIIAE, X3cH. @FEFHHEE —EaEE. £k, BE
LA KRB SR AW AL, B —EHZRZRE U BFRERBREEKPH/INVKHAR, b
KEARFLAN T AR FAM, BEARSR. BT, Ebr X500 NS R5 S A 5 = M
K2, ZEsERM B, 2R AATH WA FRAETIEFE, FOREILE/NT 1 km, 2RAM; FHKT
REME/NT 10 km, Z2F @A, 465, EEEWNA, FEANHTEBRRETIRG. W% B ETm
A MODIS %32 o3 giohr 7 HUR A Y@ R T S0 I ST R 5 520, IITIRBIK . XIS EreE
E R HEM KR E R (National oceanic and atmospheric administration, NOAA)/ E &4 HER AR 1T
(Advanced very high resolution radiometer, AVHRR) T2 ORI LB 45 5 F1 G 1% He AR X s E 1T IR . 7
XTI EAR R A ECE AR B, (EITE RN, AR, A TR s B AR
KT HNTEE, ERARZE. SRENRE, BEFEFE. SO TRMIREE, BT 38—,
TNEER B B MG S B, MR TR 88U, FIAX—%E, 2T POLDER HiEZ4ES
Z5. SR T W FR AN R IR R S AR A T R X

2 HESRIE

2.1 #iE
2.1.1 POLDER %1%

POLDER /1 &:E ZFH /EEER K EWF5EF 0 (Centre national d’Etudes spatiales, CNES) B, &3
fEHZA ADEOS TLE I, BAZGIEZ fEMIREE, TTRIAZIE 14 A M BN R — B ARgE . H&F 9
ABE, AT WICREL A, Hoh £ A B m IR S Wi i TLE M7 (Polarization & anisotropy of reflectances
for atmospheric sciences coupled with observations from a lidar, PARASOL) f£/&28 8 3 MriRIEEL, 45
k490, 670 F01 865 nm
212 &, ERTHESF 5 LI HAaK

MH T BRI 25 5 -7 mrRL &I, 7ERAEIRSRTS Yo, AKIEADR T IR 5862 B i £ B4,
Horp [ B & A R A OR B, A R B SHE 4] VLIDORT A RAERUMAASHT T-matrix
FERENIX 4 FORRDR PR B SO HROE R 3. BUN R % BUNHREL. W IRAH R B2
FEL AR MRG SN FHBURE. =M TR RN SER S 206 /R = 5 RIE B #
P (Optical properties of aerosols and clouds, OPAC)[®! Fr3kBr, ok FNR AZE2Ek ) F ek it
RES M B LR B R PR R T B SR (LR 1) . 3T R BCR A M EUE RS A B X
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KAt C BH—ALRFEFE, o BWERZE, r 2THFE.

k1865 nm KB E, ELTHEMER

Table 1 Physical properties of fog and haze particles at 865 nm

Real part Image part Mean radius  Standard deviations

FOG 1.33 4.86E-07 0.55 0.65
BC 1.75 —0.43 0.01 0.69
WASO 1.43 —0.01 0.03 0.81
SubM 1.33 0.00 0.44 0.4

H: FOG A%hiy, BC RHER T, WASO JKEEMTF, SubM W
WHOKAERT,  Real part il Image part 5331|545 H7 5 HEH) 501 B #

2.2 VLIDORT

VLIDORT ##] 19 & i1 3¢ RT Solutions, Inc i Spurr J¥ & B & B E M-, BEELR I BH
MR SR R ST R TR, AT R EER RIIME. KEAT. & 508k TS S22k &4
VLIDORT 2&iL & RILIER BB HUR AR R IR SHE MR, FTRAF BS54 4 Stokes K [I,Q, U, V] .
VLIDORT Wi N4 F BRI GEEERA, BUMIKSSEEA, HREERA.

I 22 i B 12 B TR BB AT B B S BRI 89— % D3R B R AR ST 8 ST RR g L5, A
VLIDORT & 48 5 54 7 Fedb AT MR BB 3. RAE — (bR R8s am i (1112 3R TLE Bl i
HE. KRINE TR BMCE] V(b5 56 58 B AN U5 — b iR S5 3R B 4031

nl

L=% 2)
=TT .

K, T ABHRERE, Q A TITHEETSE THMARIRKIERE, U NS5SHTEMK45° LA
TWMIRIERE, Q2+ U2 ARKETMMIRELRE, E AKKETHKHEEREE.
3 F &
3.1 {RiR4FME
3.1.1 3k E R A RIK R S F 4G F o

A F VLIDORT ARBIBLHL S 00 1 e IR et o, {3 A O e i R 48 46 40 7 B % (Bidlirectional po-
larized reflectance distribution function, BPDF) #fl i FMmIiziEST. BPDF2009 AA{E 19— (LA ¥ e 5
(Normalized difference vegetation index, NDVI) #4785, FHIt, Ead oA NDVI {ESRBA HR KA, 7F
%, SR TR ILAF R0 EEATH AT, FERARMBRENE . Fh TR IR MR E
e, {3 f] VLIDORT BLELHSAS, JUFHERS IR 1, JeEERERER 1, S FR oK E 2N 1T
. 2AEE NDVI{ER 0.5, 0. 0.35 0.5, [32IH Stokes ZHFMA (3) X[ HHBENE. FkT
RImiR SR, &, Fb TR MR R EE AR LAY 865 nm 4b, Stokes ([HIUKAZET M L. ML RINE
1 FR.
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Fig.1 Distribution of polarized reflectance with scattering angle for different types of surface. (a) Fog; (b) haze
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Fig.2 Distribution of polarization reflectivity with scattering angle at different aerosol optical thicknesses of fog and

haze particles. (a) Fog; (b) haze

3.1.2 AR KA B A A Ik R A F 6 # ok

HEE. FRTEAIUT TR M RRAE ARG T, REERARKBEICEEENE. FhT
T S R e . JUER RS 1R 1, #i3R NDVI {Hiy 0.35 . FBMFERDEHEEESHIEA 0.5,
1. 15, 2f125, H&kMAE 3.1.1 M, BMERME 2 Fix.

B 2 R IR S R L AT A, BEE R EERIS K, Bk TR iR R 3K,
%, BT n IR S 5T FER 62 R B W UM R W, ZERS R BT AT B P, BRI R S S R S Ot
22 B B SR B B M B KT, TEBRET B 155 © MR B 622 B B i BURE R, SR W
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3.2 FERSEZE

fF VLIDORT &K EIESHEMBIAL, HBIE, T2 AEMREE. B 3.1 04, HhFAm
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Fig.4 Flow chart of fog and haze polarization discrimination algorithm based on POLDER data

fog haze detection
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Fig.5 Parasol data haze classification results on March 11, 2008 (a) haze identification results of the whole rail

data;(b) haze identification results of parts of north China plain
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